The pollution by heavy metals currently is becoming a big challenge and a concern for the water quality and also for the environment in general. Some metal ions are toxic even if their concentration is very low and their toxicity increases with accumulation in water and soils. Several industrial wastewater streams may contain heavy metals such as, Pb, Cr, Cd, Ni, Fe, Mn as well as Zn, As, Hg, Cu and Ag. The clays have been extensively utilized for the removal of heavy metals from aqueous solutions. The aim of this research work was to prepare acid activated bentonite clay by using H 2 SO 4 and C 2 H 4 O 2 as acid chemical reagents. The adsorption capacity of natural and acid activated bentonite clay with iron and manganese was also investigated. The removal of two heavy metals was studied at 25 °C. Both modified forms showed higher adsorption efficiency than the natural clay. Moreover, the empirical values were evaluated according to the Freundlich isotherms that are generally used to describe the adsorption processes. The heavy metal-clay adsorption phenomena can be illustrated on the basis of the interaction between surface functional group of silicates (clay) and the metal ions. It is deduced that clay can be used as a low cost adsorbent and locally available for the removal of heavy metals, especially in the developing countries.
Introduction
The increasing problems of dispersion of heavy metals in the environment as the result of mining and industrial activities have caused extensive heavy metal contamination by introducing heavy metals directly into the surrounding environment [1] [2] [3] [4] [5] [6] . Heavy metals were extensively known of difficulty to eliminate. The biological treatment could not be applied to treat effluent water with metal contaminants due to their inhibitory ability on bacteria in the system 7 . The physical and chemical treatment has been used in metal effluent removal. The adsorption method with different types of adsorbent has been used to treat these metals from waste water [8] [9] [10] [11] . Iron and manganese are the most common elements in the groundwater supplies (Sequestering methods of iron and manganese treatment). Iron is the more frequent of these two contaminants, but they often occurs together 12 . Iron accounts for about 5% of the earth's crust, making it the second most abundant metal 13, 14 . Iron and manganese are more RESEARCH ARTICLE common in deeper wells where the water has been in contact with the rocks for a long time. The high levels of iron and manganese can discolour the water, stain the plumbing fixtures and give water an unpleasant metallic taste 15 . The iron and manganese elements in water occur in various forms [16] [17] [18] . In the water tap, the iron and manganese are present in dissolved forms. When the water tap comes out rust-colored, this indicates that the iron and manganese are in precipitate forms. When the water tap has a clear yellow tint, this means that the iron and manganese are combined with organic materials. The environmental protection Agency (EPA) determines the maximum contamination levels of iron and manganese by 0.3 mg/L and 0.4 mg/L respectively, due to their health effects. Various physicochemical methods have been used to remove and adjust the heavy metals in drinking water [19] [20] [21] [22] [23] , ion exchange 24 . The adsorption process is one of the most popular technologies due to its effective and economic properties 25, 26 . Their sorption capabilities come from their high surface areas and their ion exchange capacities. The negative charges on the structure of clay minerals give the capability to attract metal ions 27 . The use of clay materials as adsorbents is becoming a very promising alternative as compared to aluminium sulfate for water treatment, since they are inexpensive, abundant and efficient. In fact clays are 20 times cheaper than activated carbon 28 . Kaolin is the most clay type abundant phyllosilicate mineral in highly weathered soils 29, 30 . Bentonite is widely available in the form of aluminium hydrous silicate (Al 2 O 3 .2SiO 2 .2H 2 O) 31, 32 . The acid activation of clays is one of the most important processes that have been applied to achieve structural modifications in the clays. During the acid activation, initially the inter-layer's cations are replaced by H + ions followed by partial destruction of aluminium octahedral sheets after that a dissolution of structural cations occur. The desired changes in the physicochemical properties of clay occurred as a result of acid activation depend considerably on the condition of acid activation such as acid concentration and the duration of the activation process 30, 32 . In this study, clay was used for removing iron and manganese from aqueous solutions in some wells in Libya and increasing of its efficiency to remove heavy metals by applying adsorption on raw washed clay and its acid activated forms by using sulphuric and acetic acids. In order to determine the reaction of Iron and manganese with clay, experimental results were applied to Freundlich adsorption isotherms.
Experimental
Iron and manganese certified reference materials (CRM) are provided by Merck, Co. (Germany). Nitric acid 65% suprapur® degree is provided by Merck, Co.(Germany).Acetic and sulphuric acids were supplied by Fluka, Sigma-Aldrich, Co.(Germany). Double distilled water was used to prepare all solutions.
Natural clay pre-treatment (Collection and Preparation)
The clay samples used in this study were collected from Umm-Ar-Razam area, located in the north east region of Libya; the upper layers of the earth crust in this area are mostly limestone, while the lower layers consist mainly of bentonite. The bentonite samples collected at depth 3-9 meters and from six different drilling sites, the samples were allowed to dry in air. The ore lumps obtained were fragmented to smaller pieces by a steel hammer and then crushed to below 10 mm particles using a Jaw-Crusher. A representation sample was obtained from the six crushed ore samples by the method of quartering 34 . Then these samples (about 5 kg) were further dried at 105-110 o C, the pre-treatment of bentonite was carried out by milling it to the sub micro size to obtain grain size ~200 mesh (74 µ), this particle size was needed for complete chemical and x-ray analysis as well as for adsorption experiments.
Chemical analysis of the ore 1 gram of bentonite clay sample was mixed with 1gram of Na 2 CO 3 and the mixture was fused at 1000 o C using platinum crucible, the fusion product was extracted with HCl solution (100 mL, 1:1), then filtered and washed. The filtrate and washing were completed to 500 mL measuring flask. Such solution was used for determination of Al 2 O 3 , CaO, MgO, Fe 2 O 3 , Mn, Cu and Zn using standard methods 35 . Moisture content was determined using moisture balance. The chemical and physical properties of bentonite clay are given in Table 1 . Silica and alumina are their major constituents along with traces of sodium, magnesium, calcium, potassium and titanium oxides as impurities. The Ca +2 are present on the surface of bentonite clay are considered as important adsorption sites for cation exchange are given in the Table 2 . 
Characterization
The x-ray diffraction (XRD) patterns of the adsorbents were obtained using a Philips x-ray diffraction instrument with filtered Cu Kα radiation (n =1.6418 Å) operated at 40 kV and 40 mA, The XRD pattern was recorded from 1.5 to 50° 2θ with a scanning speed of 0.02º 2θ per second (Figure 1 
Modified clays
There have been various attempts to improve the quality and characteristics of the clays by modifying them with different techniques. One of the common techniques in this regard is acid activation.
Acid activation
Activation of natural bentonite was carried out by taking 10 g of the clay in flask (250 mL capacity) and 100 mL of 1 M H 2 SO 4 solution was added. Then it was heated on a magnetically stirred hot plate at a temperature of 90 °C for 2 hours. The resulting slurry was filtered through a Buchner funnel to separate the clay from the acid solution. The residual clay was washed several times with distilled water till the pH reaches to 6-8. The clay residue was dried in an oven at 80 °C for 3 hours. The dried acid activated clay was milled to sub micro particle size. The activation process was repeated with acetic acid.
Stock solution preparation
1 g of each metals (iron and manganese) was dissolved in 2% nitric acid then made up to 1 litre using double distilled water in a standard flask and used as standard solution (1000 mg/L) of the metal ion. From this solution 200, 400, 600 and 800 ppm dilutions were prepared. Determination of Fe 2+ and Mg 2+ concentrations were done by atomic absorption spectrometer (AAS). Measurements showed that best sensitivity and accuracy of the spectrophotometer was in the range up to 5 ppm and hence all solutions were diluted to be within that range.
Batch adsorption studies
The adsorption studies were carried out by using natural clay and its acidified activated forms (acetic acid and sulphuric acid) for the removal of iron and manganese. Batch adsorption experiments were carried out by shaking varied amounts of adsorbent materials with known concentrations (ppm) of stock solutions from iron and manganese (adsorbate materials) at room temperature or 25 °C in Jar test. At the end of predetermined time interval, the adsorbent was removed and filtered. The residual metal ions present in the liquor (filtrate) were analyzed by atomic absorption spectrometer (AAS). The amount of metal ions adsorbed on the adsorbent materials was calculated by subtracting the final concentration 
Results and Discussion

Effect of contact time of iron and manganese on bentonite clay
The time dependence of the adsorption of iron and manganese on adsorbent materials is given in Figures 2 & 3 . The results show that the percentage adsorption increases with the increase in adsorption time. The metal ion removal was fast in the first 90 minutes, it may be due to the presence of additional sites on the clay for free cations 36 . In addition, presence of adsorption driving force at the beginning lead to higher adsorption rate which occur at first period. However, after 90 minutes, slower due to slower diffusion of iron and manganese ions into pores of clay 37 , the optimum adsorption time for the removal of both iron and manganese from its solutions is 120 minutes. 
Effect of pH on the sorption of iron and manganese on bentonite clay
The process of cation exchange between solid surface and the solution containing the heavy metal cations is highly dependent on the pH value of the medium. The effect of varying the pH on the adsorption of iron and manganese was investigated and represented in Figures 4 & 5. These figures show that the adsorption of heavy metal ions gradually increases with increasing the pH until it reaches the maximum value at pH 7.5. The sorption of iron slightly increases at lower pH values until it reaches the range of 6.5 to 8.5, at which the adsorption reaches high level. The sorption of manganese is very low below pH 4.5 and increases rapidly at pH 6.5 and coming to maximum at pH 8.5. At higher pH the metal cations begin to hydrolyze and precipitate and hence become not available for adsorption. It may attributed to the sorption process depends on the concentration of the hydrogen ion in solution. Hydrogen ion strongly competes for the free sites in the structure of the clay leading to decrease in the percentage of adsorption of ions 38 . Increasing the pH of solution results in decrease in H + ion leading to low competition for the vacant exchange sites of the clay, and hence more removal of metal ions takes place. At pH>8 (high alkaline media), the precipitation of the metal ion hydroxides may take place, thus, cations present in solution are exchanged with those on kaolin's structure 39 . The results of adsorption experiments are given in Tables 3 & 4 . 
Freundlich isotherm
Freundlich isotherm is used for modeling the adsorption on heterogeneous surfaces. This isotherm expressed in equation 1. Freundlich isotherm is used for modelling the adsorption on heterogeneous surfaces. This isotherm can be explained as: log x/m = l/n log C + log K f (1) Where x = the amount of heavy metal cation absorbed m = weight of adsorbate Thus x/m = amount absorbed per unit weight l/n = adsorption intensity C = equilibrium concentration of metal cation K f = Freundlich constant This linear relationship indicates that the sorption process can be described by Freundlich type isotherm, moreover, the sorption of ions on bentonite clay takes place mainly through the formation of a single monolayer 40 
Conclusion
Tests were performed to evaluate the use of natural bentonite clay powder and it's sulphuric and acetic acids modified activated forms as adsorbents for iron and manganese removal from aqueous solution. The acidic activation clay showed higher specific surface area than that of the natural clay which making them suitable for use in water purification. Obtained results applied for both elements proved their good efficiency in the adsorption processes.
The empirical values are evaluated according to the Freundlich isotherms that are generally used to describe the adsorption processes. It is stated that the isotherm model fit very well. They proved that the sorption process of the investigated elements with the bentonite clay and its acid activated forms take place mainly through the formation of a single monolayer of sorbed species. The bentonite adsorbent proved to be efficient for the elimination of heavy metals from aqueous solutions.
